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NEW MEXICO'S CLIMATE: THE APPRECIATION
OF A RESOURCE
YI-FU TUAN* AND CYRIL E. EVERARDt

The climate of a state as large and topographically diverse as
New Mexico is necessarily complex. The evidence lies in the appearance of its landscapes, which show sharp contrasts often within
a short distance of each other. The driest country occurs in the
south where elevations are low and summer temperatures (and,
hence, evaporation) are high. It is in the south, and in particular
along the axial trough of the Rio Grande, that New Mexico is
most aptly designated an arid country. Within the southern part
of the state striking topographic and climatic contrasts occur. The
sterile White Sands of the Tularosa Valley, for instance, lie within
thirty miles by road from the pine-covered slopes of the Sacramento
Mountains. And in winter, or even spring, one may drive through
blinding snow in the mountains to be confronted by the spectacle of
a dust storm blanketing a valley some 3,000 feet below.
Northern New Mexico is higher, cooler, and greener than the
south, though the amount of rain it receives on its basins and
plateaus is no greater. The Navajo country in northwestern New
Mexico, for instance, gets as little rain as the lower Rio Grande
Valley, but its landscapes look less parched. Northeastern New
Mexico above the Canadian escarpment has the best grasslands
of any size in the state. Yet its annual rainfall is little more than
that in the lower Pecos Valley and the Staked Plains in the southeast. Northern New Mexico also includes the San Juan and the
Sangre de Cristo Mountains, two southerly prongs of the Rocky
Mountain system in which the highest peaks in New Mexico occur.
Under their shadows snow patches linger into July. Annual pre* Assistant Professor of Geography, The University of New Mexico, Albuquerque,
N.M.
t Lecturer in Geography, The University of London, England.
The authors acknowledge with gratitude the advice and assistance of Mr. Frank
Houghton, State Climatologist. We are also indebted to Mr. J. G. Widdison for his
constructive criticism; to Dr. Marjorie Sweeting of Oxford who helped us remove the
more obtrusive blemishes of style; to Mrs. Judith Bateman who drew the maps; and
to students who helped with calculations, Miss Jeanne Mayberry, Mrs. Jean Thompson,
Miss Carolyn Milam, and Mr. Leslie Lam. The work received the initial support of the
University Research Committee (University of New Mexico) for which the authors are
very grateful. It is now being continued as part of a project for the State Resources
Development plan.
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cipitation at their base is some forty inches, four times that of the
Rio Grande trough.'
This sketch emphasizes the spatial diversity of New Mexico's
climate. In addition, there are the pronounced seasonal contrasts.
High elevation (average for the state-5700 feet), distance from
oceanic influence, dryness of the air, and location in the middle
latitudes ensure sharp seasonal changes in temperature. The climatic
geography of New Mexico then is also a seasonal matter. It varies
greatly from season to season. The human appeal of low basins and
mountains is reversed with the changing positions of the sun. Moreover, climatic elements fluctuate through the years. Of particular
importance in New Mexico is the apparent cyclic pattern of wet and
dry periods. In the two wettest years on record, 1905 and 1941,
New Mexico received respectively 142 per cent and 191 per cent of
the state's normal precipitation. Both years, however, were preceded by dry spells with precipitation well below normal-in particular the period 1902-1903 (see Fig. 5). Landscapes then change
in appearance not only geographically but also seasonally in the
same location, and through the cyclic fluctuations of climate over
the years.
The purpose of this paper is not to describe and analyze systematically the climate of New Mexico, though many facts of climate
are touched upon. The purpose is to trace the increasing appreciation
of climate as a resource and fact of nature; to see how this appreciation varies with cultural attitudes in the context of our knowledge
that climate itself is no simple, static phenomenon. As an economic
resource, climate in New Mexico received attention first for its role
in agriculture; then in agriculture and health; and now in agriculture, health, tourism, urban, and industrial use. Climate is also
appreciated for its esthetic and scientific appeal.
PART I
SOME EARLY OBSERVATIONS AND ATTITUDES
I

CLIMATE AND SPANISH-MEXICANS

The climate of New Mexico was not a topic that preoccupied the
thoughts of the Spanish conquerors. Two reasons probably ac1. N.M. State Engineer Office, Technical Report No. 6, Climatological Summary,
New Mexico, Precipitation 1849-1954.
2. Von Eschen, Climate of New Mexico 1 (Business Information Ser. 37, Univ.
of New Mexico 1961).
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count for this lack of interest. One is that agriculture and the
peace of rural life were not among the chief incentives for moving
north. The familiar justifications for conquest were more exciting:
souls to save, private gain, and profits for the king. And the gain
was to come primarily from mineral wealth. The other reason is
that neither the climate nor the land forms of New Mexico differed
in any striking way from that of New Spain. In the march northward the most obvious climatic change to the conquerors and settlers was the drop in temperature. The coldness of New Mexican
winters, especially in the north, was more frequently commented
upon than any other climatic element. For example, in Coronado's
report to Mendoza, we come across remarks such as: "They [the
people of Cibola] do not raise cotton, because the country is extremely cold"; "according to what the natives of the country say,
the snow and cold are excessive," and "there are not many birds
probably on account of the cold . . . . 3 Since Coronado wrote the
report in August, these remarks were mere hearsay conjectures and
forebodings. But in fact (as Coronado, his captains and his soldiers
were to learn to their distress) the4 winter of 1540 was exceptionally
cold-at least abnormally snowy.
Nearly sixty years later it was Don Juan de Ofiate's turn to report
to the Viceroy of New Spain. The report was written in March,
1599. It described rather optimistically the resources of the country;
its mineral wealth, game of all kind, vassals and salines, and the advantage of the territory's presumed nearness to the South Sea, but
no comment appeared on the climate except " . . . by the end of
August, I began to prepare the people of the Army for the rigorous
winter of which the Indians and the nature of the land warn us." 5
In 1760 Bishop Tamar6n visited New Mexico. He was, according
to Eleanor B. Adams, "one of those inveterate tourists who delight in new scenes and little-frequented places and have a flair for
collecting odd bits of interesting information." His Kingdom of
New Mexico surprises the modern reader with frequent comments
on floods and the abundance of water in the stream courses. Nowhere does he say that New Mexico is a barren, arid country. He
does occasionally refer to the heat, but considering the fact that he
traveled in New Mexico in the summer half of the year (April to
July) it is surprising that he should also refer to the cold, to "freez3. Bolton, Coronado, Knight of Pueblos and Plains 129-32 (1949).
4. Id. at 193, 214, 216.
5. Hammond & Rey, Don Juan de Ofiate 481 (1953).
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ing at dawn" on May 11 th, near Robledo, and to the fact that the
stream at Taos is covered with ice every year.6
The most striking example of how these southern visitors were
impressed by the severity of New Mexican winters is to be found
in the remarks of Antonio Barreiro. Barreiro was appointed by
Mexican authorities to be an asseor (legal adviser) in Santa Fe. He
wrote on the geographical extent and position of New Mexico, on
its mountains, lakes, climate, minerals, agriculture, population, and
on several other themes. In the climate section only winter is discussed because " . . . the New Mexican winter so particularly impresses all those who know that cold is experienced here." Barreiro
wrote picturesquely. "When the winter is extreme the cold becomes insupportable, the largest streams are congealed to their
very beds and the ice takes on such solidity and thickness . . . that
it serves as a solid and well constructed bridge for every manner of
traffic." And, "in the cow-houses, often times, the milk congeals
almost on issuing from the cow's udder and one can carry it in a
napkin to melt it in his house and to use it as desired." Such stories
are true, according to Barreiro, and "various persons are terrified"
but in fact, Barreiro continues, "the climate of New Mexico is truly
healthful." '
II
CLIMATE AND ANGLO-AMERICANS

Spaniards and Mexicans moved from the semi-arid environment
of old Mexico to the semi-aridity of New Mexico. They did not
find the new country barren. On the contrary, they frequently noted
the streams. Barreiro, in describing New Mexico, went so far as
to say that "the greater part of the country consists of immense
plains and delightful valleys, clothed with very abundant pastur'8
age."
In contrast to the Latins, Anglo-American explorers and surveyors moved into the Southwest from the humid East. The appearance of the Southwest made a strong impression on them, sometimes unfavorably. Lieutenant J. H. Simpson, for instance, passed
through the Navajo country of northwestern New Mexico in 1849.
6. Adams, Bishop Tamaron's Visitation of Nev Mexico, 1760, in 15 Historical
Soc'y of New Mexico 41-57 (1954).
7. Bloom, ed., Antonio Barreiro's Ojeada Sobre Nuevo Mexico, in 5 Historical
Soc'y of New Mexico 11-12 (1928).
8. Id. at 7.
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He concluded his journal with the comment: "But never did I have,
nor do I believe anybody can have a full appreciation of the almost
universal barrenness which pervades this country, until they come
out, as I did, to 'search the land' and behold with their own eyes
its general nakedness." This entire sentence was italicized for emphasis when his journal, first published as an official report in 1850,
was reprinted by a private firm in 1852. 9 On the next page in the
same journal Simpson describes the landscape as having a "sickening-colored" aspect, one which "until familiarity reconciles you to
the sight" you cannot look upon "without a sensation of loathing."1 °
The plains of southwestern New Mexico look even more desolate
than the Navajo country. J. R. Bartlett, United States Commissioner
of the United States and Mexico Boundary Commission, crossed
them in May, 1851. He characterized the southwestern plains as
"barren and uninteresting in the extreme" and that "one becomes
sickened and disgusted with the ever-recurring sameness of plain
and mountain, plant and living thing." "Is this the land," Bartlett
asks, "which we have purchased, and are to survey and keep at such
cost?"" In a later report for the Boundary Commission, W. H.
Emory claims that the Great Plains west of the 100th meridian are
"wholly unsusceptible of sustaining an agricultural population, until
you reach sufficiently far south to encounter the rains from the
tropics,''' 2 "or westward until you reach the last slope of the
Pacific."'
It is possible that the exceptional dryness of the years around
1850 aggravated the appearance of a country which could not
have impressed the Easterners as fertile even during the rainy
periods. Evidence exists to show that at least the years 1850 and
1851 were abnormally deficient in rainfall. The bed of the Rio
Grande near El Paso was so dry in the summer of 1851 that a
man could drive a gang of mules on it. 4 And many large tracts of
land near El Paso produced nothing.'5 Climatological data for the
9. Simpson, Journal of a Military Reconnaissance from Santa Fe, New Mexico,
to the Navajo Country 123 (1852).
10. Id. at 124.
11. I Bartlett, Personal Narrative of Explorations and Incidents in Texas, New
Mexico, California, and Chihuahua, Connected with the United States and Mexican
Boundary Commission, During the Years 1850-51, 1852, and 1853, pp. 247-48 (1856).
12. Emory, I Report on the U.S. and Mexican Boundary Survey, S. Doc. No. 108,
34th Cong., 3d Sess. 47 (1857).
13. Id. at 39.
14. Id. at 50.
15. Bartlett, op. cit. supra note 11, at 187.
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four long-record stations, established in 1850, support the observations. Las Vegas, with 21.56 inches of rain in 1851, seems to be an
exception. However, all four stations received subnormal rain in

1850.
TABLE I
PRECIPITATION IN THE DRY YEARS

Rainfall (inches)
Albuquerque

1850
1851
Las Vegas
1850
1851
Santa Fe
1850
1851
Socorro
1850
1851

1850, 185116
4verage Rainfall
(1931-1960)

4.92
5.31

8.68

9.42
21.56

19.94

9.10
13.23

14.27

7.12
5.64

10.13

Not all comments on the climate of New Mexico were unfavorable. The same Bartlett who became "sickened and disgusted" with
the ever-recurring sameness of the landscape admitted that it was
"almost compensated by the glory of the night." And some visitors
spoke quite warmly of the climate of the new Territory. Thus,
Lieutenant J. G. Parke, in a report for the Pacific Railroad Survey,
wrote: "The exhilarating effect of a New Mexico climate is duly
attested by [the fact that] almost every person who has experienced it from near often expressed anxiety to return to that region."'" And W. W. H. Davis, United States Attorney to the Territory of New Mexico between 1853 and 1855, stated: "That which
most adds to the enjoyment of the season in New Mexico is the climate, which, in point of salubrity, is not excelled in any part of the
world. No country can boast a purer, brighter, and healthier sky,
equal in all respects to that which bends over the vine-clad hills of
Italy."' 8
Lieutenant Parke surveyed New Mexico and Arizona in 1854
16. U.S. Weather Bureau, Dep't of Commerce, Climatic Summary of the United
States (from the establishment of stations to 1930 inclusive) Sections 28, 29.

17. Parke, Report of Explorations from Pimas Villages to Rio Grande 30, in 7
Reports of Explorations and Surveys (1855).
18. Davis, El Gringo or New Mexico & Her People 151 (1938).
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and 1855. Attorney Davis traveled extensively in the new Territory
between 1853 and 1855. Their favorable impressions of New
Mexico's climate may in part be influenced by the fact that these
were wet years. Santa Fe, for instance, received merely 9.10 inches
in 1850 but in both 1854 and 1855 more than 24 inches fell. Albuquerque had less than 5 inches of rain in 1850 but in 1854 and
1855 it received 12.51 and 10.54 inches respectively. During both
years the rains came mostly in the summer. 9 According to
W. W. H. Davis, who was in Santa Fe at the time, the rains began
quite early the first year, and did not end till the first week in
November. "Nearly every family in town suffered more or less, and
[in] both seasons several houses fell down . . . Dry land was
almost as eagerly sought after by the drenched inhabitants as by
the dove from Noah's ark, and every conceivable place of refuge
0
was resorted to." 2
In a semi-arid country, where soil moisture depends on the rain
of the current or preceding season, fluctuations in precipitation of
the order that existed between the periods 1850-1851 and 18541855 can noticeably affect the appearance of the land. But in the
truly arid sections of the state such fluctuations are of little consequence. Thus Davis, who found New Mexico's climate "not
excelled in any part of the world" in the rainy years of his residence,
nevertheless had to write harshly of the Jornada del Muerto. "In
the winter season it is visited by terrific storms of wind and snow,
and sometimes both men and animals are frozen to death before
they can cross it. In the warm season it is very usual to make the
drive in the night . . . as it is easier for the animals." 2 '
III
CLIMATE AND HEALTH

In the mid-19th century the Great Plains and the Southwest were
still known collectively as the Great American Desert. They were
regarded as essentially a wasteland, barriers to be crossed between
the humid Mississippi basin and the humid Pacific slopes. Because
the specific objectives of the first American surveys and explorations
were to determine the boundary of America's new territory with
19. See, e.g., U.S. Weather Bureau, Dep't of Commerce, Annual Meteorological
Summary, Albuquerque and Santa Fe (1946).
20. Davis, op. cit. supra note 18, at 153.
21.

Id. at 209.
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Mexico and the best rail route from the Mississippi River to the
Pacific, the agricultural and mineral resources of the land received
relatively secondary consideration. The first surveyors appraised
climate, for instance, in the context of its suitability for the smooth
running of trains. But already in these railroad and boundary reports the "salubrious" and "exhilarating" character of New Mexico's climate was noted. And by the last quarter of the 19th century climate came to be regarded as a positive asset to the Territory. It was a resource to be exploited for its benefit to health.
In an enthusiastic geography of New Mexico, privately printed in
1874, Elias Brevoort quotes from a letter of Dr. Lew Kennon, one
time physician with the United States Army stationed at Santa Fe.
Writing of New Mexico, Dr. Kennon claimed: "Invalids have come
with the system falling into tubercular ruin, and their lives have been
astonishingly prolonged by the dry, bracing atmosphere." And, also,
"I have never known a case of bronchitis brought here that was not
vastly improved or altogether cured, and asthma as well."' 22 In
1877, Dr. Thomas A. McParlin, a surgeon in the United States
Army, reported that many pulmonary invalids came to New Mexico from the frontier of Missouri, and that "they were in the great
majority of cases benefited, while many recovered from threatened
consumption." ' 23 Increasingly, physicians and invalids requested
information on New Mexico's climate. Indeed, according to the
Monthly Weather Review (1895) the fame of New Mexico as a
sanatorium has spread far beyond the limits of the United States.
A committee traveling around the world under the auspices of the
Societi Medicale of Paris carried back to France the report that in
the climate of New Mexico they found more beneficial characteristics and fewer drawbacks than in any other region of the
world.24
In the second half of the 19th century medical officers (like
Thomas McParlin and, later, Paul Carrington) were the main
contributors to the climatic literature and statistics of New Mexico. The emphasis on the relation of climate to health was not surprising since weather stations were supervised by the medical officers of the various Army bases until 1871. (In that year the weather
22. Kennon was quoted in Brevoort, New Mexico, Her Natural Resources and
Attractions 27 (1874).
23. McParlin, Notes on the History and Climate of New Mexico, Ann. Rep't
Smiths. Inst. 323 (1877).
24. New Mexico as a Sanatorium (unsigned article probably by Hersey), I Monthly
Weather Rev., New Mexico Weather Service, Dec., 1895, p. 6.

NATURAL RESOURCES JOURNAL

[VOL. 4

stations became the responsibility of the Army's Signal Corps, and
in 1892, of the newly established Weather Bureau.) Interest in
the relation of climate to health was expressed also by the researches of John Weinzirl, at one time Vice-Director of the Hadley
Climatological Laboratory of the University of New Mexico. He
wrote in 1903: "That we enjoy an unusually fine temperature is
shown by the table [for Albuquerque]. The winters are just cold
enough to be bracing, thus furnishing the best conditions for the
physiological activities of the body."' 25 As to precipitation, he wrote
that "the invalid's hopes and progress vary inversely with the
rainf all. ' 26 And, this final peroration on New Mexico's climate
from the Hadley Laboratory's Vice-Director:
That more equable climates can be found than that of New Mexico
is certain. That warmer winter climates or cooler summer climates
are available is equally true. But it will indeed be difficult to find an
all-around, all-year climate which at the same time affords so many of
the desirable factors required by the invalid, viz., an abundance of
sunshine,27 a dry atmosphere, plenty of pure air, and a considerable
altitude.
These fulsome praises contrast vividly with the first impressions
of Anglo-American surveyors like Simpson and Bartlett, who
judged New Mexico by visions of lushness acquired in the humid
East. In Wheeler's annual report of 1875, J. T. Rothrock, a
surgeon in the United States Army and a member of Wheeler's team
to survey the West, warned the immigrant to New Mexico not to
"anticipate seeing an immense stretch of country everywhere alternating in beauty between greenwards, heavy forests, and abundance
of water, like the familiar spots of the East." On the contrary, he
must "expect at present to find sterility and aridity impressing their
hard lines on every feature of the landscape. '2 2 As we have seen,
in the latter part of the 19th century New Mexico's environment
came to receive much praise; not for its effects on agriculture
(obviously) but for its supposed or real benefits to health.
25. Weinzirl, The Availability of Neqw Mexico's Climate for Outdoor Life, 2 Bull.
Hadley Climatological Laboratory University of New Mexico 5 (1903).
26. Id. at 6.
27. Id. at 9.
28. Rothrock, Preliminary Botanical Report, Appendix Hi to Wheeler's Annual
Report upon the Geographical Explorations and Surveys West of the One Hundredth
Meridian at 129 (1875).
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PART I I
THE SCIENTIFIC APPRECIATION OF CLIMATE
I
THE KEEPING OF RECORDS

The scientific appreciation of climate in New Mexico began with
the Anglo-American phase of settlement; with the scattered observations and general theories on climate that lie embedded in the
many volumes of boundary and railroad survey reports. It continued with the establishment of weather stations at the Army bases
in the new Territory. These stations were maintained by Army personnel and their records extend back to 1850. (In the case of Socorro, to November 1849.) Five were in operation in 1850: Albuquerque, Laguna, Las Vegas, Santa Fe, and Socorro. The total number increased slowly in the first fifty years, to only 44 in 1900; then
rapidly to 358 in 1950.29 But in 1960 the number had dropped to
287, a net loss of 71 stations from the previous decade. Some stations were deliberately abandoned to avoid duplication; others had
to be given up because the observers moved out of their ranches
or villages. In fact, the continuing trend of migration from rural
areas to the cities on the plains might introduce serious gaps in the
network of weather observations. Weather Bureau substations are
fairly evenly distributed over the state. The uplands and mountains
are nevertheless relatively undermanned. This is because the climatic
pattern of uplands (elevation above 7,000 feet) is much more complex than that of the plains and so more observational data are required to define that pattern. Moreover, upland stations have far
shorter records. Of the 13 long-record stations in New Mexico
(record of 60 years and more) only Santa Fe lies a little above
7,000 feet, which means one long-record station for about 20 per
cent of the state's area. Only 25 upland stations have temperature
and precipitation records of at least 30 years (Fig. 1). Even then
there are notable gaps in the records and the periods are not
synchronous. To some extent data from stream gages mitigate
the lack, but stream-gage records are few and of short duration
compared with available rain-gage records. Furthermore, they do
not give directly the seasonal rhythm of precipitation nor its pattern
within the drainage basin.
29. U.S. Weather Bureau, Dep't of Commerce, Decadal Census of Weather Stations
New Mexico (1963).
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FIGURE 1
LONG RANGE WEATHER STATIONS

The majority of stations in New Mexico are substations where
precipitation and temperature are observed only once during the
day. There are five first-order stations: Albuquerque, Clayton,
Raton, Roswell, and Silver City. At these places, in addition to
precipitation and temperature, data on wind speed, relative humidity, sunshine and sky cover are kept, though only regularly at
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the Albuquerque Sunport. At the Albuquerque Sunport there exist
also daily radiosonde measurements of temperature and pressure,
and from them we get a glimpse of the three-dimensional structure
of climate. However, since most stations measure only daily amounts
of precipitation and maximum-minimum temperatures, our image of
climate must at present be based essentially on just two elements.
The keeping of records is not exciting, nor immediately profitable, work. In the decades immediately following the American
acquisition of New Mexico, weather observation was part of the
duty first of Army medical officers, and then the Army Signal
Corps. However, as the number of stations increased, more and
more of the weather observation passed into the hands of voluntary
observers who are not remunerated for their daily duty. The existence of a sufficient number of people willing to work in a long-term
project for which they receive no direct profit is an essential condition for the study of a phenomenon as ubiquitous and variable as
climate. In January, 1895, the 31st Legislative Assembly of the
Territory of New Mexico passed a bill enabling the publication of
a Monthly Weather Review. In the issues of this review we see the
Director of the Weather Bureau at Santa Fe constantly praising
the voluntary observers, encouraging them to turn in their reports
without delay, and giving such advice as "see that the pencil is fairly
sharp .
"30
II
CLIMATIC HYPOTHESES IN THE 1850'S

In the 1850's the absence of an adequate body of climatic data
did not deter the formulation of hypotheses. Surveyors, explorers,
and travelers from east of the Mississippi River were confronted
by a novel landscape and a novel climate when they reached New
Mexico. And the fashion of intellectual amateurism which still
prevailed in the later half of the 19th century encouraged visitors
to describe, compare, and where possible, explain what they saw.
Not only the government surveyors did this, which was their duty,
but also the educated laymen.
The striking fact to be explained in the Southwest is the dryness,
the barrenness of the country. A Biblical interpretation (an approach not uncommon among scholars of the mid-19th century)
30. Regularly printed in Monthly Weather Rev., New Mexico
1895.

Weather Service,
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was given by Lieutenant J. H. Simpson. He crossed the Navajo
country of northwestern New Mexico in 1849, and was the first
Anglo-American to visit and describe the ruins of Chaco Canyon.
More than any other explorer and surveyor he was disenchanted
with the New Mexican landscape. The barrenness, Simpson explained, was not brought on by the inhabitants either through "acts
of devastation or neglect of culture." In modern terms, this means
that Simpson did not subscribe to the theory that culturally-induced,
accelerated erosion was responsible for the sorry state of the countryside and the abandonment of settlements. Instead, he sought
the cause in Divine anger:
Surely He who, as Revelation declares, and as the countries of the
East, now in connection with sacred and profane history, attest,

'turneth rivers into a wilderness, and the water springs into dry
ground; a fruitful land into barrenness, for the wickedness of them
that dwell therein' . . . could also, in His sovereignty, not only have

cursed, and for a similar cause, the country in question with the
barrenness under which we see it languishing, but by this very means
have scattered abroad its inhabitants, as the ruins everywhere attest
3
He has done. '

Simpson's Journal appeared in 1850 as one of the official reports
of a government publication. Apart from the above passage in which
Divine anger was evoked rather needlessly, the tone of the journal
was soberly factual. Five years later Jefferson Davis, Secretary of
War, gave his explanation for the barrenness of the West. It has a
distinctly modern ring:
Fertility depends principally upon the degree of temperature and
amount of moisture, both of which are much affected by increase of
elevation; and the latter also depends on the direction of the wind.
The upper or return current of the trade winds flowing backward
toward the northeast, gives a prevalence of westerly winds in the
north temperate zone, which tends to spread the moisture from the
Pacific over the western portion of our continent. These winds, however, ascending the western slope of the mountain ridges are deprived
of their moisture by the diminished temperature of the increased
elevation; and hence it is that the plains and valleys on the eastern
32
side of the ridges are generally parched and barren ....
31. Simpson, op. cit. supra note 9, at 32.
32. Davis, Report of the Secretary of War, 1855 p. 6, in I Reports of Explorations
and Surveys, to Ascertain the Most Practical and Economical Route for a Railroad
from the Mississippi River to the Pacific Ocean, 1853-4 (1855).
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Jefferson Davis saw how wet winds from the Pacific were deprived
of their moisture over the western barrier of mountains. Similarly,
but this time in regard to Gulf winds, Lieutenant J. G. Parke was
able to see the relation between the exceptional dryness of the Rio
Grande Valley in New Mexico and its sheltered position among uplands and mountains. In a report published in 1857 Parke wrote:
The southeast winds, moisture laden from the Gulf of Mexico, are
deprived of a portion of their burden in coming in contact with this
barrier [the Organ Mountains of southern New Mexico], the pre-

cipitation being three inches greater on the east than on the west
side. The influence of these . . . mountain ranges is shown in a
more remarkable manner further north. The annual fall of rain east of
Santa Fe, at Fort Union, is about 20 inches, while in the Rio Grande
Valley, in the same latitude, it is but 10 inches; and on the Sierra
Madre, as far south as the head of the Gila and Mimbres Rivers, it
is twenty inches, as is shown by the
recent Meteorological Report
33

of the Medical Bureau of the Army.

At the time when Parke wrote his report the entire territory of
New Mexico had only about a half-dozen weather stations. Yet
with this meager data Parke was able to discern a basic feature in
the precipitation pattern, namely, a central longitudinal trough of
dryness corresponding to the trend of the Rio Grande Valley. This
dry belt came to be accepted as a characteristic trait of New Mexico's precipitation. It is conspicuously shown, for instance, on the
Henry-Schott rain-charts of the United States, published in 1872,"
and on the Greeley-Glassford map of normal precipitation in
New Mexico published in 1891." 5 On the Henry-Schott rain-charts,
the Staked Plains appear as a very dry area in summer, and as receiving less rain than the Pecos Valley for the whole year. Greeley
and Glassford made the more conspicuous error of attributing less
than 10 inches of annual rainfall to the plains of eastern New Mexico. Their map depicted the eastern plains as a dry zone receiving as little rain as the Rio Grande trough, when in fact they receive
almost twice as much, most of it in summer.
Simpson, Emory, Bartlett, and Parke were members of official
surveys conducted by the American government. W. W. H. Davis,
33. Parke, op. cit. supra note 17, at 31-32.
34. Maps in Schott, Tables and Results of the Precipitation, in Rain and Snow, in
the United States (Smithsonian Contributions to Knowledge No. 222, 1872).
35. Maps in H.R. Exec. Doc. No. 287, 31st Cong., 2d Sess. (1891).
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on the other hand, was an amateur observer of landscape who
came to New Mexico in 1853 as United States Attorney. In the
introduction to a recent reprint of his work, Harvey Fergusson
characterized him as "a young man and a delightfully typical specimen of the Victorian-American. ' 36 Characteristic of the Victorian
gentleman was Davis' keen interest in nature. Geological and climatic observations peppered his work. In high literary style Davis
explained the dryness of the climate as follows:
The central position of New Mexico, together with its great elevation
and great distance from either ocean, exempts it from the fogs and
damps that prevail nearer the seacoast. The wind that blows from
the Atlantic on the east and the Pacific on the west starts inland
loaded with vapor, but, coming in contact with numerous mountain ridges on the way, condensation takes place, and the moisture
drops down in rain long before it reaches the
plains of New Mexico,
37
which thirst in vain for refreshing showers.

Davis anticipated the flood of essays and pamphlets praising
New Mexico's climate as "nature's sanatorium" by writing in 1856:
"There is probably no country on the continent equal to it, and if
there was an easy and safe communication with the States, thousands would resort thither yearly for the restoration of their
health.'' ,
III
SOME RECENT WORK ON CLIMATE

In recent decades the climate of New Mexico received rather
scant treatment compared with, for instance, the climate of Arizona
and Colorado. Scientific curiosity in New Mexico has centered
more on specialized problems such as cloud seeding, electric phenomena in thunderstorms, and the upper atmosphere than on more
standard themes of climatology. Work that has been done (and is
being done) on New Mexico's climate may be exemplified by considering briefly and selectively the topics of precipitation, temperature, and evapotranspiration.
36. Harvey Fergusson, Introduction to Davis, op. cit. supra note 32, page unnumbered.
37. Davis, op. cit. supra note 32, at 152.
38. Ibid.
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A. Precipitation
It is predictable that in a region of low rainfall like the Southwest the analysis of precipitation should be of primary concern to
meteorologists. Far more work is being done on precipitation, for
instance, than on temperature. And the establishment of an Institute of Atmospheric Physics in Arizona has resulted in our knowing rather more about the nature of rain in Arizona than in New
Mexico. The western part of New Mexico benefits most from the
research on Arizona, at least to the extent that for these areas
monthly temperature and precipitation departures from the longperiod normals are usually of the same sign throughout. 9 But eastern New Mexico has a different regime.
The nature and complexity of New Mexico's precipitation may
be illustrated by briefly noting the following aspects: (1) distribution, (2) intensity, (3) seasonal variation, variability and trend.
1. Distribution
A popular device in the analysis of rainfall is to show its distribution generalized as averages over a large number of years;
average monthly, seasonal and annual rainfall over the entire
state. The pattern for New Mexico is known only in general outline. The coarse network of stations and their non-homogeneous
data, especially in the uplands and mountains, are primarily responsible for the deficiencies. Above 7,000 feet the density of weather
stations (those with at least a thirty-year record) is not greater than
1 per 1,000 square miles.
New Mexico's network of stations is all the more inadequate
because the shifts in the direction of prevailing winds through the
seasons and the complex relation of moist winds to the trend of its
mountain ranges and basins make the interpolation of isohyetal
values difficult. In central California, for instance, the chief source
of moisture is the north Pacific Ocean. Rain-bearing winds originate
in the west and they cross the mountain ranges at high angles. The
relation of rainfall to elevation on the slopes of the Sierra Nevada
is therefore fairly simple. Precipitation can be interpolated on the
basis of elevation and exposure. In New Mexico rain-bearing winds
originate at sources to the northwest, southwest, and southeast
of the state, depending on the season. Northwest air (modified mP)
brings in moisture from the extra-tropical Pacific. It is prevalent
39. Sellars, Precipitation Trends in Arizona and Western New Mexico, Proceedings of 28th Annual Meeting Western Snow Conference 81 (1960).
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in winter, and introduces the overcast sky characteristic of cyclones.
It brings heavy rain and snow particularly to the mountains in the
western part of the state. Southwest air occasionally yields intense
showers to southern Arizona and southwestern New Mexico. Its
source of moisture is the tropical Pacific off the coast of Lower
California. But the single largest source of moisture, particularly
in the summer half of the year, is the Gulf of Mexico.
When we compare the topography of New Mexico with what is
known of the pattern of average annual rainfall we are impressed
first by their apparently close correlation. Areas of heavy rain are
the uplands and mountains. Areas of meager rain are the lowlands
(Fig. 2). However, a closer look would reveal important excepFIGURE 2
ELEVATION AND PRECIPITATION-SANDIA SECTION

10 INCHES
5
10,000-

0

5,000-

A

SC

TRS SP

ALBUQUERQUE
SANDIA CREST
TIJERAS RANGER
STATION
SANDIA PARK
ESTANCIA

E
5,310 FEET
10,675
0

5

10 MILES

6,300
7,011
6,107

tions. For instance, in eastern New Mexico precipitation increases
as elevation drops southeastward in the direction of Texas and the
Gulf coast. This relation is to be expected since the Gulf of Mexico
is the chief source of moisture for the state. On the average, the
plains and plateaus in the eastern part of the state receive forty-five
per cent more precipitation during the year than similar topographies in the western part. Because of this fact, when precipita-
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tion is plotted against elevation for the entire state of New Mexico, we find the positive correlation poorly expressed. Correlation
is weak throughout the year, but particularly in the month of May.
In May the strongest contrast in the pattern of average precipitation
is between the humid eastern third of New Mexico and the dry
remainder. Orographically-induced rain is least conspicuous in May.
The positive relation between total yearly rainfall and elevation is
most clearly expressed when we consider not the entire state but
the four quarters of the state separately (Fig. 3). These remarks
serve to show that, because of the paucity of instrumental data
and the difficulties of using the simpler methods of extrapolation,
we are still far from knowing accurately, and in detail, the distribution of average rainfall in New Mexico.
2. Intensity
Maps or tables showing the amount and distribution of precipitation during the month, season or year are statistical generalizations. They do not give actual patterns nor indicate the manner in
which the rain fell. It may have fallen gently over periods of many
hours, or it may have come in a few short-lived downpours. For
example, the total rainfall at Artesia in July, 1911, is 7.76 inches,
40
but 5.5 inches of that amount fell in one day, the 24th.
The amount of rain falling in a short period (24 hours or less)
is known as the rainfall intensity for that period. It is an important
aspect of rainfall particularly in a state like New Mexico where
much of the summer rain comes in short, heavy thunderstorms.
Very intense rainfall, combined with the flash-floods to which it
usually gives rise, may cause serious damage to soil, vegetation,
engineering projects and property in general. The 2.5 inches of rain
that fell on Albuquerque between 6 and 9 p.m., August 10, 1963,
caused flood damages amounting to perhaps as much as two million
4
dollars. '
Rainfall is normally measured once every 24 hours. But severe
summer rainstorms are short-lived, and the 24-hour intensity can
be very misleading. For example, of the 2.63 inches that fell at the
State College on August 29, 1935, 1.06 inches came down in ten
40. 39 Monthly Weather Rev. 1911, pp. 1067, 1070.
41. Damage to city facilities was conservatively estimated at $382,075 by E. 0.
Betts, city director of public works. However, estimates of damage to city and private
property reached as high as two million dollars. Reported in Albuquerque Journal, Aug.
13, 1963, p. 1, col. 8.

NATURAL RESOURCES JOURNAL

[VOL. 4

FIGURE 3
ELEVATION AND PRECIPITATION IN THE
FOUR SECTIONS OF NEW MEXICO
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minutes, a very high intensity.4 2 This storm illustrates another
limitation of the once-daily measurement of precipitation. The rain
started late at night on the 29th and continued into the early hours
of the 30th, but in the records two separate 24-hour totals would
be given for the one storm. It follows that self-recording rain gages,
providing a continuous record of rainfall throughout the 24 hours,
are essential for the proper understanding of rainfall intensity. Unfortunately, the network of self-recording rain gages is sparse; a
density of a little over 1 per 1,000 square miles for the United
States, and only about 1 per 1,800 square miles for New Mexico.
The heavy rain that comes out of a cumulonimbus cloud may wet
an area of only a few square miles. Driving in New Mexico during
a showery summer afternoon, one often comes upon sharply-bounded
wet and dry patches of the road. Thus, in addition to/imp'oving the
state-wide network of gages, the establishment of a small number
of very dense local networks of self-recording rain gages would
add greatly to our knowledge of the nature of intense rainfalls. In
New Mexico there was formerly a very dense network at the Navajo
Conservation Experiment Station north of Gallup, where 83 recording gages were spaced less than one mile apart. Such a concentration of gages makes possible the construction of isohyetal maps of
one storm, an undertaking which is virtually impossible with the
usual spacing of gages.
Luna Leopold's studies on intense rainfall in New Mexico give
us an idea of the areal extent of individual rains and the frequency
of their seasonal occurrence. However, there remain broad gaps
in our knowledge. For instance, it is a fact of field observation that
several thunderstorms giving local intense rain may occur simultaneously in widely scattered parts of the state, but because of the
relatively sparse network of recording gages it is unlikely that more
than a small portion of the rains will be centered on them. This
means we have no true record of simultaneous distribution. Another
notable gap in our knowledge is the relation of rainfall intensity
to altitude. Some work has been done on this topic but with no clear
conclusion. A fact which contributes to the confused discussion is
that there are fewer recording gages in the uplands and so the
chance of measuring a high intensity is less there than at lower altitudes. Leopold believes that, in the Southwest, localities above
42. Hardy, Overpeck & Wilson, Precipitationand Evaporation in New Mexico, Bull.
New Mexico Experimental Station, No. 269, p. 52 (1939).
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7,500 feet receive relatively few high rainfalls.4 3 He notes that
whereas the total summer rainfall tends to increase with elevation,
in any one summer storm the center of greatest precipitation usually
is near the base of the mountain slope.44 In New Mexico rainfalls
of high intensity are closely related to high annual (or seasonal)
totals. The southeastern plains, for instance, receive far more intense rains than the drier northwestern plateau. Langbein concludes
that, in New Mexico as in Arizona, with mean annual
precipitation
45
constant, rainfall intensity decreases with altitude.
However, the dense gage network at the Navajo Experiment
Station in northwestern New Mexico yields data suggestive of
contrary interpretation. Elevation of the gages varies from 6,200
to 8,200 feet. Of the 13 centers of greatest intensity recorded in
1941, 8 were in the 7,000-8,000 feet range, 3 below and 2 above;
and 6 out of 13 maximum intensities were measured above 7,500
46
feet.
3. Seasonal variation, variability and trend
These are complex themes and can only be touched upon lightly
here. We have already mentioned that the single largest source
of moisture for the state of New Mexico is the Gulf of Mexico.
Air from this region pushes farthest inland in the summer. Throughout New Mexico the warm season receives the maximum rainfall,
but, as is to be expected, the summer concentration is most pronounced in the eastern part of the state and least in the northwestern quarter. At Carlsbad the rainy season lasts from May to
October inclusive, and about 75 per cent of the total amount falls
within this period. At Portales 85 per cent of a total of 17.5 inches
falls between May and October inclusive. In contrast is Farmington
in the northwestern part of the state. It has a shorter rainy season
in summer (from July through October) and this period contributes only 47 per cent of the total. In the southwestern part of the
state, the summer rainy season is more pronounced though it is as
short as the season in the northwest. At Lordsburg 58 per cent of
the year's total rain falls within this period.
43. Leopold, Characteristics of Heavy Rainfall in New. Mexico and Arizona, 109
Trans. Amer. Soc'y of Civ. Eng. 859 (1944).
44. Id. at 840.

45.

Langbein, discussion of Leopold's paper, 109 Trans. Amer. Soc'y of Civ. Eng.

883 (1944).

46. Harrold, discussion of Leopold's paper, 109 Trans. Amer. Soc'y of Civ. Eng.
868-70 (1944).
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A sample of rainfall dispersion diagrams is given in Figure 4.
Even a brief survey of diagrams of this type for New Mexico (more
is needed than the illustrative sample) reveals certain peculiarities in
the monthly distribution of rain, of which one, important to stockmen, may be mentioned here. It is the dryness of May in the southwestern quarter of the state, and of the relative dryness of June in
much of the remainder. In the southwestern quarter of the state,
May is in fact the driest month of the year between a minor peak
in February and a major peak in August. In the northwestern quarter and particularly in the eastern half of the state, June is notably
dry relative to the preceding and succeeding months (Table II).
TABLE II
"DRY" JUNE (AVERAGE MONTHLY PRECIPITATION IN INCHES)
May
June
July

Pecos and Southeast

Carlsbad
Clovis
Portales
Roswell
Santa Rosa

1.75
2.51
2.41
1.27
1.80

1.32
2.29
2.40
1.05
1.36

1.55
2.64
2.93
1.76
2.50

2.73
2.60
2.50
2.26
1.93

1.45
i.49
1.61
1.61
1.76

2.33
2.26
2.31
2.75
2.79

1.77
1.46

1.59
1.23

2.73
2.51

1.34
1.21

1.16
0.75

2.14
1.57

0.75
0.54

0.32
0.32

1.03
0.84

CanadianPlateau and Northeast

Clayton
Raton
Roy
Tucumcari
Valmora
Sangre de Cristo Mountains

Black Lake
Eagle Nest
Upper Rio Grande Valley

Santa Fe
Taos
Chaco-San Juan Basin

Chaco Canyon
Farmington

Thus from Farmington in the northwestern corner of the state
to Carlsbad in the southeast, and from the high open plain on which
Clovis is located to the mountain valley of Eagle Nest, June appears distinctly drier than either May or July. The reason for this is
not clear. Bryson and Lowry 47 have suggested a mechanism to ac47. Bryson & Lowry, Synoptic Climatology of Arizona Summer Precipitation
Singularity, 36 Bull. Amer. Met. Soc'y 329-39 (1955).
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FIGURE 4
RAINFALL DISPERSION DIAGRAMS
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count for the dryness of June before the onset of July rains in Arizona, but their explanation does not seem to cover the wetness of
May relative to June.
Rainfall dispersion diagrams (Fig. 4) not only show the distribution of rain month by month but also give a visual impression of
its variability. The scatter of rainfall for each month of a 30-year
period (1931-1960) is suggested by the length of the column between the upper- and the lower-quartile boundaries. The diagrams
show that the amount of scatter increases with the median valuethe greater the rainfall, the greater the scatter. They also emphasize the fact that the mean monthly values are notably higher
than the median values. This means that for any month in a given
year the rain that comes is more likely to be below than above the
arithmetic mean. One limitation of the diagrams is this. Since only
50 per cent of the rainfall values appear within the columns of the
dispersion diagrams, their lengths do not adequately express the extremes of variability. As an example of extreme variability we may
refer to the records at Carlsbad. The 30-year mean rainfall for May
at Carlsbad is 1.75 inches, but the extremes vary from 0.18 inch in
1958 to 12.28 inches in 1941, which is only one inch less than the
normal rain for the entire year.
A numerical measure of relative scatter or variability is the coefficient of variation (CV)-or, more descriptively, the relative standard deviation. It is the standard deviation of rainfall (scatter
measured in absolute units) expressed as a fraction of the arithmetic mean. Table III gives the coefficients of variation for a few
stations in New Mexico. Their numerical values are comparable
with those in Arizona as given by McDonald. In both New Mexico
and Arizona the coefficients are higher in the winter half of the
year (November to April inclusive) than in the remaining summer
half. According to McDonald this means that the summer convective rains, though evidently spotty in a spatial sense, exhibit less
temporal randomicity than winter rains. But the inference, however
valid for Arizona, may not apply to New Mexico. In Arizona, for
instance, the standard deviation (absolute scatter) is also greater
in winter than in summer, even where the summer rains somewhat
exceed the winter rains, as at Flagstaff. But in New Mexico rain in
the summer half-year is nearly everywhere greater than that in the
48. McDonald,

Variability of Precipitation in an Arid Region: A

Characteristics for Arizona, Tech. Rep't No.
Arizona 6 (1956).

1, Inst. Atmos.

Survey of

Phys. University

of
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winter half, and the standard deviation in summer is also greater.
TABLE III
ANNUAL, SUMMER, AND WINTER COEFFICIENTS OF VARIATION

Alamogordo

CV.
.37

CV.
.41

Albuquerque
Carlsbad
Carrizozo
Clayton
Deming
Farmington
Las Cruces
Las Vegas
Lordsburg
Portales
Raton
Reserve
Roswell
Roy
Santa Fe
Santa Rosa
Silver City
Socorro
Taos
Truth or Consequences
Tucumcari

.33
.45
.50
.41
.38
.35
.42
.34
.33
.38
.35
.25
.43
.33
.20
.41
.28
.34
.25
.31
.38

.36
.46
.48
.44
.42
.38
.43
.32
.40
.44
.36
.27
.48
.34
.23
.43
.31
.37
.31
.33
.43

(1931-1960)

CVw
.52

.49
.70
.71
.65
.54
.43
.56
.55
.41
.46
.52
.40
.63
.59
.34
.54
.43
.47
.35
.56
.52

(The dispersion diagrams show this. The coefficient of variation
in summer is less only because the coefficient is a relative measurerelative to the arithmetic mean.) Another difference with Arizona
is that in Arizona the coefficients of variation show the expected
inverse relationship with rainfall. The greater the total rainfall, the
less the value of the coefficient. In New Mexico, however, the inverse relationship is non-existent for the year and the winter halfyear, and poorly defined for the summer half-year. Stations can in
fact be selected to show a direct relationship between annual coefficients of variation and annual total rainfall. (See Table IV.)
In summer the existence of large differences in both standard
deviation and coefficient of variation where the average rainfall
is similar is illustrated by comparing Carlsbad with Santa Fe. Such
"anomalies" do not appear in Arizona.
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TABLE IV
Average Rainfall
( 3 0-year period)
in inches

(30-year period)

Albuquerque

8.68

0.33

Alamogordo
Carlsbad
Carrizozo

9.77
12.43
13.62

0.37
0.45
0.50

CVA

TABLE V
Average Summer
Rainfall (in.)

S

CV.

Carlsbad

9.75

4.56

0.46

Santa Fe

9.39

2.19

0.23

(30-year period; 1931-1960)

Rainfall in New Mexico varies widely over periods of years. In
1752, for instance, the Rio Grande channel at El Paso for "50
leagues remained dry with no water except what was caught in the
wells they opened in the channel." In 1760 the river flowed abundantly.49 The period 1850-51 was so dry that a mule team could be
driven along the bed of the Rio Grande below El Paso; but the
period 1854-55 was so wet that, in the colorful words of W. W. H.
Davis, "dry land was almost as eagerly sought after by the drenched
inhabitants as by the dove from Noah's ark." 5 0 A question that
has often been asked but not conclusively answered is: Is there a
trend or regular cyclic pattern in rainfall during the period in which
we have records?
Figure 5 provides a basis for considering the problem. It shows the
time series of annual, summer (May through October) and winter
(November through April) precipitation in the period 1894 to
1962. The plotted values are averages for 10 long-record stations
in New Mexico: Albuquerque, Carlsbad, Fort Bayard, Deming, Las
Cruces, Las Vegas, Lordsburg, Roswell, Santa Fe, and Socorro.
Unfortunately, the northwestern quarter of the state is not represented, and the northeastern quarter is represented only by Las
Vegas. The main features of the annual time series (Fig. 5) are
the prominent peaks in 1905 and 1941 and an apparent downward
49. Adams, Bishop Tamaron's Visitation of New Mexico, 1760, in 5 Historical
Soc'y of New Mexico 37 (1928).
50. Davis, op. cit. supra note 32, at 153.
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FIGURE 5
TIME SERIES FOR NEW MEXICO (AVERAGE OF 10 STATIONS)
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trend in precipitation since 1905. The latter is discernible if we disregard the exceptional peak in 1941. However, the trend is not
statistically significant; it explains only a very small part of the
total variance. The driest period in the time series lies between 1943
and 1956. Average rainfall during this 14-year period was only
8.98 inches, or 77 per cent of the average for the entire record.
Since 1956 there has been a sharp upward rise to a peak in 1958 and
a gentler downward trend to the average precipitation characteristic of 1959-1963. The annual graph is closely comparable with
the one drawn by W. D. Sellars, who based his graph on 18 stations
in Arizona and New Mexico.-"
Fluctuations in both the summer and winter time series correspond closely with that of the annual. Especially clear on the halfyear graphs is the dry period of 1943 to 1956; the average summer rain for these years is 80 per cent of the summer average for
the entire 69-year period, whereas the winter average is 73 per
cent of that for the entire period. The graphs show that the heavy
rain of 1905 came largely in winter. It makes only a modest peak
on the summer graph. On the other hand, the heavy rain of 1941
came largely in summer. The summer and winter graphs also reveal
the greater variability of summer precipitation. It is interesting to
see how these features differ from those suggested by Sellars' time
series, which are based on 18 stations, 11 in Arizona and 7 in New
Mexico. Sellars' winter and summer graphs show, in contrast to
Figure 5, that: (1) winter rains are better correlated with annual
totals than summer rains, (2) both the peak in 1905 and the peak in
1941 were contributed primarily by winter rains, and (3) variability
is greater in winter than in summer even though more than 55 per
52
cent of the total precipitation normally falls during the summer.
Another question arises: Is there a cyclic pattern in the time
series? Is there, in other words, a regular succession of wet and dry
phases? The graphs in Figure 5 do not clearly indicate any cyclic pattern. They suggest randomness rather than a cyclic pattern. 53 A
''time series" constructed on the basis of drawing observations from
a table of random normal deviates (a "time series" of independent
standard normal variables) could well generate similar graphs.
The curves in Figure 6 show cumulative percentile deviations from
51. Sellars, op. cit. supra note 39, fig. 3.
52. Ibid.; see also id. at 83-85.
53. The Mean-Square-Successive-Difference Test shows
randomness need not be rejected at the 9 per cent level.

that the hypothesis of
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FIGURE 6
RESIDUAL MASS CURVES FOR LAS CRUCES, LAS VEGAS, CARLSBAD
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the mean for the year, the summer half-year, and the winter halfyear at Carlsbad, Las Cruces, and Las Vegas. They show trends
and variability. They also appear to reveal systematic variations
or cycles, but this regularity may well be the result of the fact that,
by cumulating the values, they (the values) lose their independent
stature; they are serially correlated. However, the curves for Carlsbad, Las Cruces, and Las Vegas do show: (1) greater percentile
fluctuation of summer rains than winter rains, (2) closer correlation
of summer than winter rains with annual totals, (3) the steep downward trend of the curves since 1941 to the trough of 1956, (4)
less clearly, upward trend in summer and annual precipitation from

90
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mid-1890's to 1905. Winter precipitation, however, shows a reversed trend plunging to a trough in 1904 before the heavy rains
of 1905. It is when we analyze and compare these curves for individual stations that the existence of regular cycles valid for the
state of New Mexico becomes doubtful.
B. Temperature
Temperature, unlike precipitation, is continuously distributed
over space and time. Its pattern, spatial and temporal, displays
greater regularity. Temperature is more precisely determined by
stable factors such as topography and latitude than precipitation.
Both are ultimately expressions of solar energy, but temperature
more directly so. In New Mexico temperature arouses less climatologic curiosity than precipitation, not only because temperature
patterns appear easier to understand but also because temperature is
less restrictive on agriculture.
The generalized distribution of temperature is determined by
several factors, but basically two, latitude and altitude; in New
Mexico altitude is the stronger determinant. Decrease in temperature northward in New Mexico varies from 1.5°F to 2.5°F for
every degree of latitude. The plotting of temperature against elevation over the state shows an average vertical temperature gradient
of 5' F for every 1,000 feet (Fig. 7). Isothermal maps of the
state closely resemble contour maps; all the more so because average elevation also rises with higher latitude.
A difference in the way temperature changes with latitude and
altitude is this: Unlike the horizontal temperature gradient, the
average vertical temperature gradient for the state does not differ
much with the seasons. Figure 7, for instance, shows the similarity of
January and July vertical gradients, even though in January the
"scatter" is expectedly much greater. In contrast, the horizontal
temperature gradient varies significantly with the seasons, being
steeper in winter than in summer. (See Table VI.)
The table shows an unexpected temperature contrast between
the Canadian plateau in northeastern New Mexico and Colorado
plateau in the northwestern sector of the state. In spite of its
greater elevation the Colorado plateau is 20 or 3' warmer in summer (and a little colder in winter) compared with the Canadian
plateau. Perhaps the explanation lies in that the two areas differ
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FIGURE 7
ELEVATION AND MEAN TEMPERATURE IN JANUARY AND JULY
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in one important topographic characteristic. The northwestern plateau is a high plain bounded by the Canadian escarpment. Air moves
freely over it. In contrast, the northwestern plateau is not a high
plain sloping outward to a steep edge but rather a much dissected,
shallow basin drained by the Chaco River, a tributary of the San
Juan.
The effect of relief on temperature is not, of course, merely one
to be considered from the standpoint of height above sea-level.
Orientation, the curvature and angle of slopes-in other words, the
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TABLE VI
JANUARY AND JULY AVERAGE TEMPETATURE (0

F)

DIFFERENCES ALONG THREE LONGITUDINAL BELTS

January
450
300
15o

July
800
710
90

Rio Grande (latitude of
El Paso)

440

820

Rio Grande (latitude of
Albuquerque)

330

760

11"

60

430

800

290

740

140

60

East
Lower Pecos River Valley
Canadian plateau

difference

Center

West
Southwestern plains (Lordsburg and Deming)

difference

Colorado plateau (Chaco
River basin)

difference

topographic character of the region-also exert an obvious effect
on temperature, particularly in its detailed pattern and regimen.
How and in what way topography affects temperature has received
but meager attention in New Mexico. The following examples
merely indicate some of the problems to be faced. They suggest
that broad generalizations on the climate of a region, based on
statistical averages of a few stations, give little indication of the
climatic actuality.
1. North- and south-facing slopes in a deep valley
A well-known theme in climatology is the contrast in the amount
of insolation received (and hence in temperature) between the
south-facing (sunny) and north-facing (shady) slopes. The contrast is especially manifest in deep, narrow valleys with an eastwest orientation in middle and high latitudes. A notable illustration

of this type of topographic effect in New Mexico appears in Frijoles
Canyon on the eastern flank of the Jemez Mountains. Frijoles Canyon is cut in tuff. It is 300 to 500 feet deep and its width from rim
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to rim is 1500 to 2000 feet. The contrast in air temperature between
the two walls of the canyon on a clear day is striking, as the following measurements, taken October 28th, 1962, show.
TABLE VII
TEMPERATURE CONTRASTS IN FRIJOLES CANYON, BANDELIER NATIONAL
MONUMENT
(OCTOBER 28TH,

1962;

LONGITUDE OF TYUONYI RUIN ON THE FLOOR OF
THE CANYON)

3 p.m.
4 p.m.

South Wall

Canyon Floor

North Wall

61.50 F
(in shade)
58 0 F
(in shade)

(Tyuonyi)
670 F
(20-min. before shade)
590 F
(in shade)

(Cliff Dwelling)
74.50 F
(in sunlight)
640 F
(10-min. before shade)

At 3 p.m., when the shade is half-way across the valley floor, the
shaded south wall is 13' cooler than the sunny north wall (measured in the shade, 6 inches above rock surface). An hour later,
however, the difference narrows down to 6"F. In view of the cold
winters in the Frijoles Canyon (the average January temperature
is 28.5 0 F) it is not surprising that the now ruined Indian Cliff
dwellings were concentrated entirely along the base of the sunny
north wall.
2. East and West Flanks of Mountain Ranges
A mountain range aligned north-to-south has an east flank and a
west flank. Maximum temperature on the west flank is higher than
that on the east even when the amount of radiation received is the
same. This is because over the east flank temperature starts to rise
from minimum temperatures of the morning. On the west flank
maximum solar and terrestrial radiation of energy occurs in the
afternoon, heating the air whose temperature has been increasing
since sunrise. Most mountain ranges in New Mexico have a northto-south trend. Moreover, many of them east of the Rio Grande
Valley are asymmetrical. Their west flank is distinctly steeper than
their east flank, as for example, the Sangre de Cristo Mountains,
the Sandia and Manzano Mountains, the Sacramento Mountains
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and the Guadalupe Mountains. This means that the temperature
contrast between the two sides is even greater than in a symmetrical
mountain range. The steep west flank actually receives more intense insolation than the gentle eastern slopes because of the higher
angle with which it meets the sun's rays. In New Mexico the flanks
of asymmetrical mountain ranges, such as the Sandia and the Sacramento, differ from each other distinctly in the thickness of vegetation cover and in aridity. At corresponding elevations the west flank
may appear barren and the east flank well wooded. The greater
aridity of the west flank is not only the result of its steepness (hence
thin soils and rapid run-off)-and perhaps of precipitation differences-but also because it receives greater radiant energy, which
induces a higher rate of evaporation.
3. Air Drainage, Wind Shifts, and Temperature Changes
Air drainage is a common and well-known feature of deep New
Mexico valleys whether they are cut in plateaus (e.g., Chaco Canyon in Colorado plateau) or in mountain ranges. The usual reversal
of winds, cool down-valley wind at night and warm up-valley wind
during the daytime, occurs. However, irregular shifts in the direction of local winds may bring about sharp, unexpected changes in
temperature-especially during clear nights. A phenomenon that
mountain-canyon dwellers have often commented upon is the
frequent rise in nighttime temperature. To measure this phenomenon, the former state climatologist, G. F. Von Eschen, installed
a thermograph on the floor of the Cedro Canyon (elevation 6,300
feet) in the Manzano Mountains, east of Albuquerque. "Thermograph traces show a nighttime temperature rise and subsequent fall
on approximately 42 per cent of the days in 1959. This may vary
from a few degrees to an abrupt change of 20. There may be a
single rise occurring near midnight and the higher temperature lasts
' 54
one to several hours, or there may be several oscillations.
Cedro Canyon is a narrow mountain canyon. A narrow canyon,
by channeling air movement, creates its own local temperature
regime. Over broad valley floors shifts in temperature are influenced by the disposition of proximate relief. Some forty-five years
ago Hallenbeck 5" analyzed the relation of local wind shifts to tem54. Von Eschen, Nighttime Temperature Rises in Mountain Canyons, Monthly
Weather Rev. Feb., 1960, pp. 70-71.
55. Hallenbeck, Night Temperature Studies in the Ros'well Fruit District, 46
Monthly Weather Rev. 364-73 (1918).
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perature at Roswell, a city located on the broad flat floor of a basin
near the Pecos River. East of the Pecos River and valley is the edge
of the "Staked Plains." West of the Roswell basin are the long,
gentle slopes of the Sacramento Mountains. Hallenbeck found that
during clear nights in spring (without strong regional winds) air
movement usually shifts from south through west to north during
the first half of the night, and back to south through east during
the forenoon. In spring, winds with a westerly component tend to
be mild, and if such winds should prevail also during the second
half of the night the drop in temperature before sunrise is gradual,
at least without sharp falls. However, when the nights are clear
and horizontal pressure gradients gentle shallow air movement often shifts to northeasterly after daybreak and sometimes after sunrise. Sudden dips in temperature occur with such shifts, and orchards
may be injured as a result. The phenomenon may also occur in the
fall. On the night of October 28, 1917, a sudden shift of the wind
from west to northeast caused the temperature to drop 27'F in one
hour. In two hours the temperature was reduced from 680 to freezing. Hallenbeck believes that northwesterly winds, coming as they
do down the dip slopes of the Sacramento Mountains, are subjected
to adiabatic warming from which northeasterly winds are exempt.
4. Temperature Inversion
Temperature inversion is a well-known fact of climate in New
Mexico. A striking illustration of it is the contrast in minimum temperatures between Sandia Crest (elevation 10,678 feet) and Estancia (elevation 6,107 feet) in Estancia basin. The difference in elevation between them exceeds 4,500 feet. The average January
temperature on Sandia Crest for the 8 years 1954-1961 is 21.1°F;
that at Estancia for the same period is about 10F warmer
(31.5°F). However, in January the average minimum temperature
is higher at Sandia Crest. Indeed, on some days minimum temperatures at the crest of the Sandia Mountains may be higher than that
of the basin station by as much as 20' or 250. A more curious fact
is that even in July there are usually one or two days in the month
when temperatures drop lower at Estancia than at the crest of the
mountain. The reason for this is not clear.
Air drainage and temperature inversion are also well-known features on gentle piedmont fans where the differences in elevation be-
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tween two ends of a segment of the slope may be less than 200 feet.
For instance, Albuquerque is located on the piedmont slope of the
Sandia-Manzano Mountains. The two weather stations (Albuquerque Sunport and Netherwood Park) are on the same incline and
their difference in elevation is only 184 feet. Yet the two stations
have measurable differences in temperature, the lower one being
more extreme than the higher one. In dry winter weather the maximum temperatures at the lower station (Netherwood Park) are 10
to 30 higher than those at Albuquerque Sunport and the minimum
temperatures may be 1' to as much as 10' lower. In dry summer
weather again the daily temperature ranges are several degrees
greater at Netherwood Park than at the Sunport, though the contrast is somewhat less than in winter.
C. Evapotranspiration
The southeastern plains of New Mexico receive 12 to 14 inches
of precipitation a year in contrast with the drainage basin of the San
Juan River in the northwest which receives only 8 to 10 inches. Yet
the San Juan landscape looks no more parched than much of the
Rio Pecos Valley in the southeastern corner of the state. It is clear
that soil moisture, and its effect on the landscape, depends not only
on rainfall but also on the disposal of that rainfall by evaporation.
This basic fact was recognized in 1910 by Albrecht Penck, who defined the boundary of dry climates by a line along which evaporation
equals precipitation.
The nature of dry climates can be described only when we kn.ow
both precipitation and evaporation. Also from the point of view
of practical agriculture, we must know the seasonal pattern of
evaporation and rainfall in order to estimate the moisture deficit and
so relate it to crop requirements. However, there is no simple instrument to measure actual evaporation from a soil surface, nor one
to determine its potential evaporation (or evapotranspiration),
which is the loss of water from both soil and plant when the water
supply in the ground is unlimited. The potential figure is the more
useful one to the climatologist and the agriculturist because it is a
measure of the net exchange of moisture between air and water
surface, a quantity that varies with solar radiation, air temperature,
relative humidity, vapor pressure gradient above the wet surface,
and wind.
For lack of simple instrumental methods, C. W. Thornthwaite
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has developed an empirical formula for calculating the potential
evapotranspiration. 6 The usefulness of the formula lies in that only
the easily obtainable values, mean temperatures and length of day,
are required. In this simplification it is assumed that important influences on evaporation, such as wind, humidity, solar radiation,
and temperature, vary together. And it is further assumed that the
variation of potential evapotranspiration with the character of the
plant cover and soil texture is insignificant. The justification of
Thornthwaite's method lies in that its results agree fairly well with
the few available measurements of water loss from irrigated fields.
Figure 8 shows the distribution of annual potential evaporation
(PE) in New Mexico for the period 1931-1955. It is based on 36
stations, and drawn with minimal interpolation. PE values are largest in the lower Pecos Valley and on the eastern plains, which have
the highest average annual temperature for any latitude in the state.
Nevertheless, the PE values on the exposed eastern plains (varying
from 36 inches in the south to 22 inches in the north) are probably
underestimated because Thornthwaite's method does not give
weight to the strong winds that characterize the region. West of the
eastern plains is a discontinuous zone of low PE corresponding with
the higher fragments of the Rocky Mountains. At Red River in the
Sangre de Cristo Mountains for instance, the PE is only 17.5
inches; at Sandia Crest, 17.4 inches; and at Cloudcroft on the
Sacramento Mountains, 21.9 inches. West of the Rio Grande trough
the Jemez Mountains stand out as another area of low PE.
Potential evapotranspiration in the southern Rio Grande trough
is almost as high as that in the Carlsbad area of the Pecos Valley,
reaching 34.6 inches at Elephant Butte Dam. High values continue
northward to Albuquerque (30.4 inches), but then decrease more
rapidly upstream. High annual PE readings are also found in the
southwestern desert area (31.6 inches) at Hachita, but decrease
northward in the cooler Mogollon Mountains (Fort Bayard 28.4
inches, Luna R. S. 21.4 inches). Toward the northwest corner of
the state PE rise again (Aztec Ruins 26.2 inches) in response to its
high summer temperatures.
The aridity of a region from the standpoint of climatology or the
water needs of a region from the standpoint of practical agriculture
is best summarized by its average annual moisture deficit. The
56. Thornthwaite, An Approach Toward a Rational Classification of Climate, 38
Geog. Rev. 59-94 (1948). See also Thornthwaite & Mather, The Water Balance
(1955).
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FIGURE 8
POTENTIAL EVAPOTRANSPIRATION DIAGRAMS
( 1931-1955) -THORNTH WAITE FORMULA
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eastern corner of the state, the area of greatest annual moisture
deficit occurs in the middle and southern Rio Grande Valley. At
Elephant Butte Dam this annual deficit amounts to over 26 inches,
and at Albuquerque 22.2 inches (Fig. 9). Annual deficit in the
southeastern plains (Roswell 21.3 inches) is less than that in the
middle Rio Grande Valley because the slightly higher values of PE
in the southeast are more than compensated by their relatively large
annual precipitation. However, the annual moisture deficit of the
southeast does exceed that of the San Juan Basin in the northwest
(Fig. 9). Hence, in spite of its heavier rainfall, the lower Pecos
Valley looks as parched as the San Juan Basin.
Taking the annual moisture deficit as an index of aridity, we see
that the driest part of New Mexico lies in the southern and middle
Rio Grande trough, while the least arid (apart from high mountains) corresponds with the area of the northeastern (Canadian)
plateaus. The appearance of the country supports this index. The
stark, glaring scenes of the southern Rio Grande trough are in
striking contrast to the grass-covered sobriety of the northeastern
plateaus.
CONCLUSION
Cultural attitudes influence the way we evaluate the possibilities
of nature. This is a truism, but one easy to forget. Climate, for instance, was not a valuable resource to the Spanish conquerors. It
was noticed, if at all, in connection with other ventures; crossing a
swollen stream, for example, or during battle, the favorable effect
of cold weather on overworked harquebuses was noticed. To Spanish settlers, and to those whose livelihood depends on crops and
livestock, climate must of necessity form part of their awareness
of environment. They responded to it in the location of settlements
and in the use of water, though not through the self-conscious medium of the printed word.
Anglo-American explorers and surveyors in the 1850's pronounced strong (sometimes abusively adverse) opinions on the
New Mexican scene. The change from the lusher landscapes of the
humid East was too drastic to be acceptable to some of them. Yet in
the later part of the 19th century the reputation of New Mexico's
climate rapidly gained. The dry air came to be highly praised for
its supposed beneficial effects on pulmonary diseases. High claims
were bolstered by tables of climatological statistics. Medical officers of the United States Army supervised the collection of the ear-
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FIGURE 9
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liest data. From 1871 to 1891, this function passed on to the Army
Signal Corps. In 1891 the Chief Signal Officer, General A. W.
Greeley, wrote, on request from the House of Representatives, a report on the "Climatology of the Arid Regions of the United States,
with reference to Irrigation." The purpose of his report was practical; in Greeley's words, it was "a presentation of such facts and
clear deductions as may be of greatest utility to investors and settlers, as well as of theoretical interest to the more exacting student of
irrigation problems.""7 But the report also includes Lieutenant
Glassford's section on Hyetophysics, in which he speculates on the
nature of arid climate. The speculation has no immediate utility.
Greeley himself generously suggests that it is the more stimulating
section of the report. The scientific investigation of climate and the
recognition of climate as an economic resource sometimes develop together. In recent years, for instance, the scientific interest in the
physics of clouds grew along- with the practical concern for rainmaking.
To most people, resource means economic resource. New Mexico's climate is appreciated for its effects on the economy. Resource
also signifies "a means of relaxation and amusement" (New English Dictionary)-a resurgence being its etymological meaning.
New Mexico's climate is such a resource to those who contemplate
and study it for its intrinsic interest; also for the fact that in the
wide horizons of the Southwest the sky often fills more than half
of our field of vision.

57. Greeley, Report on the Climatology of the Arid Regions of the United States,
with Reference to Irrigation, H. R. Exec. Doc. No. 287, 51st Cong., 2d Sess. 3-4 (1891).

